I. INTRODUCTION
F requency response analysis (FRA) is a useful technique for condition monitoring of a power transformer. It measures the frequency response of passive elements (e.g. resistor, inductor, and capacitor) in a power transformer over a wide range of frequencies. The main purpose of this test is to diagnose any incipient mechanical fault within a power transformer [1] . Usually, the FRA signature of a power transformer is compared with a reference data set. The difference between the measured data and reference data set is used to analyze the type and to identify the location of the fault [2] [3] [4] . Faults such as short-circuited turns, mechanical damage to winding and core, and loose turns are detectable through the transfer function (TF) method [5] [6] .
Each transformer has its own signature, however a transformer that does not have historical signature, a signature of other transformer of the same type and size may be considered for comparison. Short circuit faults produce forces that may cause winding deformation and winding movement that may lead to subsequent damage to the transformer. Therefore, it is essential to detect minor deformation and take a remedial action as soon as possible [7] [8] [9] [10] [11] [12] .
In this paper, a transformer model is proposed based on the TF approach, which can detect the winding's buckling fault, winding displacement and short circuit fault, etc. For this modelling, the ANSYS/ANSOFT Simplorer simulation tool is used to simulate various faults that in-service power transformer may experience. These results contributes to enrich the ability of the TF approach is an excellent useful technique for condition monitoring and engineering asset management to identify faults within power transformers. This paper is organized as follows: the proposed power transformer model is given in section II, the power transformer fault analysis technique is elaborated in section III. Section IV presents the simulation results and discussion. Finally, the conclusion is drawn in section V.
II. POWER TRANSFORMER MODEL
A power transformer winding consists can be simulated using distributed elements of resistance, inductance and capacitance. Therefore, the TF approach can be used to identify winding deformation within the transformer. The TF is a mathematical representation of a system which is defined as the ratio of output to the input linear time-invariant system with zero initial conditions. 
The physical interpretation of the TF depends on the system parameters regardless the input and output signals. It also represents the variation of both the magnitude and phase angle with respect to the frequency.
The TF of a transformer is analyzed and the changes in inductance and capacitance or both are shown as either a shift of an existing, or creation of a new resonant frequency. This method relies on the principle that every transformer has a distinctive transfer function, commonly known as a "fingerprint". The capacitive and inductive components between the winding, core and tank of a transformer result in a frequency response that is unique to each individual unit.
For analysis, several fault cases involving windings in high voltage (RV) and low voltage (LV) side parameter variations are taken into account [3] .
III, POWER TRANSFORMER ' S FAULT ANALYSIS TECHNIQUE
Figs. 2(a) and 2(b) show the FRA amplitude and phase spectrum of a single disk in the HV side before and after short circuit fault. Fig. 2 (a) shows the magnitude of the TF that is due to fault, both location and peak amplitude of resonance frequency will be altered. Fig. 2(b) shows that the phase changes from +900 to -900 and the variations are mostly observed in the lower frequency bands. The phase variation between +900 and _900 is due to the inductive and capacitive components of the windings. 
IV. S IMULATION RESULTS AND DISCUSSION
Various faults are simulated by changing specific parameters and the TF plots for healthy and faulty signatures are compared [11, 12] .
Case#l Buckling Stress Fault
Buckling stress is simulated by changing the value of shunt capacitor and series inductor on the LV winding side by 20%, Fig. 3(a) shows the TF of healthy and faulty condition due to the buckling stress fault while Fig. 3(b) shows a comparison of the phase plot for buckling and healthy conditions. It is observed that the resonance frequencies are shifted towards the higher frequency due to the fault while there is a considerable change in the TF magnitude.
Case#2 Interdisk Fault
According to [6] , the inter-disk fault is simulated by short circuiting the series elements of the faulty turns. 
Case#3 Leakage Fault
Leakage fault is simulated by increasing the value of the shunt conductor and shunt capacitor. [6] .
For leakage fault, the TF characteristics pattern is shifted towards the lower frequency side with small change in frequency, as shown in Fig. 5 . The change is more observable at the high frequency range which is attributed to the fact that at this range of frequency, capacitive components dominate the FRA characteristics. 
Case#4 Disk Space Variation
This fault can be simulated by changing the series capacitor and mutual inductance between disks [5] . 
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V. CONCLUSION
FRA is a useful diagnostic technique for detecting winding faults of a power transformer. The type and severity of the fault in a power transformer can be identified by analysing the FRA signature of the windings. Proper interpretation of FRA results assists in determining further action to be taken especially for the suspected or aged transformers and hence avoiding any possible catastrophic failures. The TF approach is a useful technique that can aid in constructing the FRA signature for a power transformer without the need to perform the practical test. Results from TF approach could be considered as a flag to take the transformer out of service to perform the practical FRA measurements. On the other hand, TF approach requires the electrical parameters of the transformer which is not available especially for old transformers to be known.
